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THE RELATION OF PHYSICAL PROPERTIES AND 
CHEMICAL COMPOSITION TO MEALINESS IN THE 
POTATO. 1. PHYSICAL PROPERTIES! 


A. M. Unrav? ann R. E. Nytunp* 


INTRODUCTION AND LITERATURE REVIEW 


Mealiness and whiteness are cooking qualities of potatoes generally 


considered most desirable by household and institution buyers (3). Of 
these two physical characteristics, mealiness is most important except 
cases where discoloration during cooking is encountered. 

A number of measurable factors are apparently correlated with 
mealiness. Among these, a positive correlation between specific gravity 
and mealiness has been generally demonstrateed. In an extensive review 
of the literature, Sweetman (&) indicated that some exceptions to this 
correlation had been encountered and that an explanation based on chemical 
composition was not available for the non-correlating cases. Kirkpatrich 
et al. (5) found no significant correlation between specific gravity and 
mealiness in four varieties of early crop potatoes. Haddock and Blood (2) 
showed that potatoes of identical specific gravity, but grown at different 
locations, differed in mealiness. Greenwood ef al. (1) also demonstrated 
that the association between specific gravity and mealiness varied depend 
ing on the location where the potatoes were grown. Nylund and Poivan 
(6) showed that potatoes of identical specihe gravity vari in meatine 
depending on the date of planting and on variety 

experiments were conducted to relate, tf possible, variations in 
niealiness to physical properties amd chemical composition of potatos 
This paper is a report on experiments concerned with the relation 
between mealiness and some physical properties of raw and boiled 1 
I-xperiments concerned with chemical compositi are deseribed elsew! 
Wi this journal 


MATERIAI 


hie potaton used the experiment 
under sinular environmental conditions and 
liver Valle \ Potate searcl | al ratory { 
Minnesota. The tubers were harvested o dav ane 
until used. The tubers from. storag conditioned for 
days at 69-70" F. prior to their use m organoleptic tests and other pl 
tests. Tubers were separated Inte specihe yrayvi yroup 


brine flotation method 


1 Accepted Tor publication April 17 1957 
Paper No. 3745 of the Scientific Journal Seri 
periment Station, St. Paul, Minn 
“Formerly Research Assistant, Department of Horticulture 
Assistant, Department of Biochemistry 
* Associate Professor, Department of Horticulture 
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lests: 


vious tests at the University of Minnesota (6) had shown 
littering in variety and/or specific gravity differed in cooking 
tests were repeated to determine if similar differences existed 
ther lots to be used in subsequent experiments. In 1953, tubers 
Cobbler and Red Pontiac and in 1954, tubers of these and 
ty, Waseca, were tested organoleptically. Two  distinetly 
he gravity tuber groups (1.080 and 1.100) of each variety 
the teste 
tor organoleptic evaluation were peeled, boiled until soft 
nd mashed with an electric food mixer. A taste panel, usually 
even judges, evaluated the various samples of mashed 
rily for mealiness although some attention was also directed 
or 
triangle test was used in which the judges were requested 
lifferent” sample from the three samples placed before them, 
uples being identical. The usual triangle test was modified to 
ty indicate “no difference” if no difference between the 
be detected. The data obtained were analyzed by using a 
t tor goodness of fit to a l:1:1:3 ratio. The triangle design 
pe ts useful to determine if differences in a certain character 
chough to be detected by a taste panel. 
he varieties Red Pontiac, Cobbler and Waseca’ were 
mieahness by a taste panel using a repheated randomized 
which six samples were judged at each panel session. 
ests of this type can be adapted to yield preference data. Each 
en a numerical score on a scale ranging from 1 (very pasty, 
10 (very mealy). The six tuber lots (2 specific gravity 
ih of 3 varieties) were judged eight times. In order to 
comparable basis, al standard sample ( Wasec a sper 
vas prepared and imeluded im each replication. the 
unary tests, this standard sample was given a mealiness 


s were Informed of this score at each 


asurciments, 


t was made to measure the degree of mealiness of the 
lots using a simple mechanical device. Such a device, if it 
ably dependable and reproducible results, would eliminate 
pic tests which are by no means completely reliable. A 

of degree of mealiness is the ease of “cutting” or shearing 

of boiled tissue. A mash which is light and mealy offers 
to shear than a mash which is heavy and pasty or sticky 
to shear was measured indirectly with an A.C wattmeter 
en the electric power source and the food mixer. Resistance 
ipping) was recorded as the difference between the average 
ings obtained during whipping of the potato sample and the 
rate obtained by allowing the mixer to run empty until the 
une constant. During resistance measurements, the mixer 
pt in relatively full and continuous contact with the sample. 
ight of material consisting of at least six tubers was used in 
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gravity 1.1 
Shear Test 
é\ constant w 
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each run and shear data were obtained for eight replications of each tuber 


Microscopt Histological Studies ; 

Microscopic studies of certain morphological characteristics of raw 
and boiled potato tissue were conducted to determine if the various tuber 
lots differed significantly in these characteristics. Starch granule size, cell 
size, and number of starch granules per cubic millimeter of raw tissue were 
estimated using a micrometer scale or camera lu ida drawings. Starch 
granule size was estimated using tissue which had been macerated to 
release the granules. The macerates were made from plugs cut with a 
cork borer through the greatest diameter of at least 6 tubers These plugs 
were then diced and crushed in a mortar and the resulting macerates 
examined microscopically before excessive browning occurred. Cell size 
end number of starch granules per cell were obtained by cutting thin 
sections from) various parts of the raw tubers, staining with a dilute jodins 
petassium iodide solution, and observing undamaged cells. 

The extent of flocculation or aggregation of solids in tissue slurries 
heated to boiling for 2 minutes and then rapidly cooled was observed 
nucroscopically as was the diffuseness of the iodine-stained aggregates 
Samples which showed pronounced aggregation of solids into large, compact 
hodies were scored near 10 while those having a preponderance of small, 
less defined aggregates were given a lower numerical score The degree 
ef diffuseness of jodine-stained ; ates was estimated in a similar 
inanner, Stained aggregates which exhibited sharp, well detined boundaries 
were scored near 10, whereas aggregates surrounded by lightly stained, 
diffuse halos were scored lower. In the same slurries, the number of starch 
granules which still retained thei shape (apparently intact) were also 
recorded 


liscosity Measurements with the Brabender An vlograph 

Phe Brabender Any lograph is useful in studying the swelling proper 
ties of various starchy materials. The changes in viscosity of uspension 
heated at a constant rate are automatically recorded as ; ‘also the time 
and temperature necessary to reach maximum viscosity 

Kor the amvlograph studies, conditioned tubers selected at- random 
were peeled thinly and then diced. The diced material was rinsed to remove 
Iree starch using a O.5 per cent solution of sodium Insulphite to prevent 
excessive surt; oxidation. The raw product was then frozen at -10° ( 
crushed in an ice crusher and dried in a large lyophilizer. The dried 
tiaterial was pulverized in a Wiley mill to pass through a 40 mesh sereen 
‘Test runs indicated that 30 grams of drv material su pended im 400 mil 
distilled water produced the most desirable amylograph curve 
suspensions were heated in the apparatus at a constant i miperature mere: 
of 1.5°C. per minute to a maximum temperature of S89-90°C where 


] 


maximum viscosities were reached and the thinning proces etm 


Oraqanol Pirie 
The dat: obtained in the 1953 organolepti tests using the modified 


listribution of 


triangle test previously described are shown in table 1. The « 
| 


choices revnuy : ws that the taste panel had no difficulty in clecting 
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Taste 1.—Jistribution of taste panel choices for mealiness within each of 


four samples in which either specific gravity 
or variety was the only variable. 


Group Variety and Speciti (sravity Choice Distribution 


A Red Pontiac 1.100 26 
Red Pontiacs 1.080 
Red Pontiac 1.080 ] 
“No difference” 
X2 
B Cobbler 1.080 29 
Cobbler 1.100 0 
Cobbler 1.100 ] 
“No difference’ 4 
X2 107** 
( Red Pontiac 1.100 19 
Cobbler ] 100 4 
( obbler ] 100 2 


“No difference” 


X2 5|** 
Cobbler 1.080) 21 
Red Pontia 1.080 2 
Red Pontiac 1.080 
“No difference’ 10 
X2 


** Trclicate highl significant deviation from a fit to a 1:1 1:3 ratio 


the sample which differed in mealiness among samples of Red Pontiac of 
widely different specific gravity. Similar results were obtamed when 
Cobbler tuber were evaluate | ((sroup When s iples of identical 
peciiic gravity, but differing im variety, were judged, the panel agam 
elected one sample as being “different” mealies is evident in 
the data in Group © for high specific gravity tubers and in Group D for 
low specific gravity tubers. The data of the tests establs! conclusively that 
t| judges could distinguis!) differences in mealiness of potatoes varying 
variety and/or specie gravity 

Having established the sensitivity of the taste panel, the succeeding 
erganoleptic tests were conducted to determine mealiness preferences. The 
mican mealme cores for the six different tuber lots are presented in 
table 2. The mealiness scores of low and high specific gravity Red Pontiac 


were not significantly different from each other nor from that of low specific 
yravity Cobbler. However, low specific gravity Waseca was scored higher 
in mealiness than the above-mentioned lots. High specific gravity Cobbler 
and Waseca were rated hig! est in mealiness and were different trom each 
other 

The 1953 and 1954 organoleptic test data show conclusively that tubers 
of identical specific gravity can differ conside rably in mealiness. These 
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TasBLe 2.—Mean mealiness scores of six potato lots differing in 
variety and specific gravity. 


Variety | Specific Gravity Mean Score 
Red Pontiac* 1.080 5.2 
Red Pontiac | 1.100 4.9 
Cobbler ..... | 1.080 5.4 
Cobbler 1.100 | 79 
Waseca 1.080 6.2 
Waseca 1.100 8.0 
L.S.D., 5 per cent level ; 0.8 
L.S.D., 1 per cent level 1.1 


*In limited tests Red Pontiac having a specific gravity of 1.065 was compared to the 
above tuber lots and a mealiness score for these tubers of 3.0 was obtained 


results are in agreement with those of Nylund and Poivan (6) and others 


Objective Methods of Veasuring Mealiness. 

Because organoleptic tests are time consuming, require large quantities 
of material, and require the service of many people whose ability to evaluate 
ay vary from day to day, an objective method for measuring mealiness 
would be desirable. In the course of mashing boiled tubers for subsequent 
taste panel evaluation, it was noticed that some of the samples became very 
sticky and pasty, whereas others remained fluffy and light in texture. The 
resistance to whipping or shear appeared to be much greater for the pasty 
samples than for the mealy types. This difference was measured by a simple 
device deseribed previously. The results of this shear-test are given in 
table 3 together with respective mealiness scores. A highly significant 
correlation of -O.92 was obtained between mealiness scores and the amount 
ot electrical energy (line load increase) necessary to shear the mash. On 
the basis of these results, this type of measurement appears potentially use 
ful for objective evaluation of mealiness of potatoes. An apparatus in which 
temperature could be accurately controlled would undoubtedly reduce the 
variation encountered between replicate determinations 


Physical Characteristics Related to Mealin 

The data obtained in the various physical tests on raw and heat-treated 
tissue of each of the tuber lots are presented im table 4 together with 
respective mealiness scores. No association between starch yranule ize and 
mealiness 1s evident. This does not agree with a recently reported observa 
tion by Shewfelt. ef al. (7) and earlier reports that differences in- the 
relative ease of gelatinization can be related to the size of starch granules 
(4). The data for degree of flocculation of solids, diffusen of iodine 
stained aggregates, and number of apparently intact starch granules indicate 


some degree of association between these characteristics and mealine The 


heat-treated tissue slurries from high specific gravity Cobbler and Waseca 
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TasLe 3.—Kesistance to shear (whipping) of boiled tubers as measured by 
the line load increase over a bas: rate of the electric food mixer. 


Variety) Specihe Mealiness Line Load 
wt Score Increase (Watts) 


Red Pontia 1.080 
Red Pontiac 1.100 
Cobble I 1.080) 
Cobbler 1.100 


Waseca 1.080) 
Waseca 1.100 


L.S.D., 5 per cent level 


per cent level 


With mealiness 


‘TABLI Physical characteristics of potato tissue im relation to 
mealiness of seven different tuber lots 


St. Gran Ave. Diar Jegree | Ditfus ntact 
Variety and Mealiness > on I | | Inta 
0.2 mm. Dia Starch of Gran. pet 
Spec. Gravity Score 
and over (jran \egreg Mic. Field 


Ded Pontin Per cent Mm 
1.065 


1.100 


Cobbler 
1.080) 


1.100 
Waseca 


1.080 
1.100 


with mealine 


libited floceu tlio solids a ke ssel of 


tubers ex diffuseness 
of the rodine-stamed aggregates, and fewer apparently intact starch granules 
an the low speeitic gravity samples of the same varieties. In the Red 
Pontiac lots, all of which we low im mealiness, less flocculation of solids 


as evident, aggregates were more diffuse, and a greater number of intact 


tarch granules were present. Although some association 1s evident between 
these physical characteristics and mealiness, it is apparent from examina 


( obbles and all Red 


tion of mealmess scores of low pecihie gravity 
completely 


Pontiac that the differences in mealiness cannot be 
characteristics 


explained on the basis of differences in the above phys‘eal 
Phe results obtained in the viscosity measurements using the Brabender 
\mylograph are presented in table 5 and the curves are shown in figure 


lL. Among the high specific gravity samples, Cobbler and Waseca exhibited 


| 
2.2 41.1 
4.9 44.3 
=P tae 
5.4 35.7 
79 22.4 
26.1 
37 
c 
5.0 
7 
_ 6 5 3.4 
54 19 9 9 0.8 
49 2h 14 10) | 
e 
8.0 14 17 0.5 
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TABLE 5. The relative viscosity of suspensions of lyophil ced lisse 
gelatinized in a Brabender amylograph 


Pemperature Time to 
at Maximum Maximum 
Viscosity Viscosity 


Variety and Mealiness Maximum 
Spec. Gravity Score Vise.* 


Red Pontiac : 
1.065 31 9] 
1.080 5.2 5 
1.100 51; 88 


Cobbler 
1.080 
1.100 

Waseca 
1.080 
1.100 


*In relative numerical Amylograph units 


similar viscosity curves but the Red Pontiac samples gelatinized more 
slowly and did not attain as lugh a maximum, The rate of gelatinization of 
the low specific gravity samples were similar, Waseca showing a slightly 
higher maximum viscosity than did Cobbler and Red Pontiac. This same lot 
of Waseca tubers also scored highes ino mealmess than did the con parable 
tuber lots of Cobbler and Red Pontiac. The correlation between maximum 
relative viscosity and mealiness ts .95 (Vable 5). Thi hysical measure 
ment has the advantage over the shear test that wa i) that accurate 
temperature control is maimtamed, the starting material 1 nore bem 


and conditions can eastl varied or manipulated \ 
nochemucal and physiological changes occur during lyophailiz 


mm effect, the measurements are made on material differing th 


only m motsture content. The « lrawbacks to thi 


1 are thre length 
cost ofl Wy amvlograp) ‘ ati 
equipment is available, amylograph stud vould undoubrt 


valuable information 


arieties 5 nhirmed ious observats 
within a variety whiel In specilic 
miealine and 
(hb) potatoes of different varieties but identical im spe 
in mealiness dey nding on the variets 


haracteristics wl 3 be molated 


the degree of flocculation of solids 


heated and then allowed ito cool 


when 
64 
60 
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Time - minutes 
26 32 36 


LA 


P = 1.100 


S00 


~ 


units 


QO 


pe) 
> 


61 67 73 
Temperature - °C. 


ve 1.—The Amylograph viscosity curves of tissue suspensions of seven 
different tuber lote. 
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(b) the degree of diffuseness of aggregates as determined by observa 
tion of iodine-KI stained material. 

(c) the number of apparently intact starch granules in heat-treated 
tissue slurries, 

(d) the resistance to shear or whipping of boiled tubers, and 

(e) the maximum relative Viscosity of suspensions of lyophilized tissue 
when gelatinized in a Brabender Amylograph, 

The size of starch granules in raw tubers is apparently not associated 

with mealiness in potatoes. 
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SPROUTING, PLANT GROWTH, AND TUBER PRODUCTION 
AS AFFECTED BY CHEMICAL TREATMENT OF 
WHITE POTATO SEED PIECES! 


BREAKING THE Rest Periop witht GIBBERELLIC ACID 
LAWRENCE RAPPAPORT, F. AND HERMAN TIMM? 


Tha ear-round production of potatoes in California frequently 
necessitates the use of relatively immature, resting* tubers as seed. To 
assure unifornuty of sprouting and maximum stands of potatoes, chemicals 
such as ethylene chlorohydrin, thiourea, and potassium thiocyanate (5, 6, 
12) have been emploved to break the rest period ‘The most nnportant of 
these, ethylene chlorohydrin, however, is no longer available for this 
Purpose and a substitute is needed. It has been suyy sted that gibberellins 
may break rest in potatoes (3, 10). This paper describes more definitely 
the sprouting behavior of potatoes after treatment with gibberellic acid 


(GENERAL PROCEDURES 


‘Lo assure the use of potatoes in the rest period all tuber samples 
were harvested when the foliage was still green (6). White Rose, 
Kennebec, or Russet Burbank potatoes were sorted for uniformity, washed, 
and dipped tor periods of 5 or 9O minutes in water, or in solutions con- 


taining 25, 50, 500, or 2000 pg/ml of gibberellic acid’. Whole tubers were 
used in all experiments. After treatment, the tubers were either (a) held 
in open flats, (b) held in enelosed glass or metal chambers which were 
supplied continuously with air at constant temperatures of or 
77° V. or (ce) planted in cans of soil or in soil benches and grown in a 
greenhouse at 65°-70°F 


IX PERIMENTAL 


\. Sprouti uv Controlled Temperature Storage: Tubers of the White 
Rose variety were dug on August 21, 1956, and divided into two lots of 
5 each the following day. One lot was immersed for SO minutes in a 
olution of 25 po /ml GA, and the other in water. The tubers were then 
placed thet ind stored at 77°F 


Lhe 1 ult show that almost all tubers sprouted nl 24 davs after 
treatment with Ga\ (Table 1). Sprouts developed at almost every eve of 
treated tubs vhereas those dipped in water usually produced only a 
wnigle sprout at an apieal eve 


\nother experiment evaluated the sprouting response of tubers to 
higher concentrations and a shorter period of immersion in GA, ¢ ertified 
White Rose seed potatoes dug on November 9 were divided into twelve 


1 Accepted lor publication April 18, 1957 

Unversity of Calitornia, Department of Vegetable Crops, Davis, Calit 

Siiest is defined as that period immediately following harvest during which the -otato 
tuber will not sprout even under optimal sprouting conditions (6, '3) 

relhe acid was gene rously provided by Me rck, Sharpe and me, wl 
and Co 
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Sprouting percentage of White Rose potatoes in storage at 
as influenced by treatment with water, or a solution 
containing 25 pg/ml of gibberellic acid 


ug/ml Days atter Treatment 


ot GA 24 3] 38 45 


Per cent Per cent Per cent Per cent 
1] 17 84 95 


OS 


lots of ten tubers each. These were immersed on November 10 for 5 
minutes im water or in solutions contaming 50, 500, or 2000 pg/ml of 
GA. There were three replications of each treatment. In order to observe 
the effects of GA on sprouting under likely soil temperature conditions, 
the potatoes were then stored at 59°F in glass jars. All concentrations 
of GA were uniformly effective in stimulating sprouting (Figures 1, 2) 
With solutions contaming 50 or 500 pg/ml of GA, sprouts occurred at 
several eyes on each tuber, whereas potatoes soaked in a solution contain 
ing 2000 pg/ml of GA produced sprouts primarily at the apical eyes 
(Figure 1). 


Ficure | \ppearance of White Rose potatoes & weeks after they were immersed in 

solutions containing 0. 50, 500, or 2000 ug/ml of gibberellic acid (stored at 59 ) 

Notice the branched habit and the greater number of prouts m the 50, a compated 
with the 2000 wg/ml treatment 
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2000 ug/mi 


30 


PERCENT SPROUTED 


15 


14 29 36 
DAYS AFTER TREATMENT 


Figure 2.—The percentage of White Rose potatoes sprouted at 59° F. as influenced 
by a 5-minute dip in solutions containing 0, 50, 500, or 2000 g/ml of gibberellic acid. 


——— 


Comparative sprout elongation at 77°F was studied with White Rose 
and Russet Burbank potatoes which immediately after harvest were dipped 
in water or in solutions containing 25 or 500 pg/ml of GA. Eight weeks 
later the longest sprout on each tuber was measured. Differential sprout 
elongation resulted between White Rose and Russet Burbank potatoes 
treated with a solution of 25 pg/ml of GA (Figure 3). Sprouts of White 
Rose potatoes elongated more rapidly in response to higher concentrations 
of GA, whereas significant sprout elongation occurred im the Russet 
Burbank variety only after treatment with a solution of 500 pg/ml of GA. 


B. Sprouting in Soil under Greenhouse Conditions: Russet Burbank 
potatoes were grown in cans of soil in a greenhouse controlled at 65°-70°F 
following tuber treatment for 5 or 9O minutes in water or in a solution 
containing 500 pg/ml of GA. As indicated in table 2, immetsion in GA 
as compared with water, for both time intervals, resulted im earlier 
sprouting and a greater number of sprouted tubers at the end of the 
experiment. The apparent increase in sprouting of potatoes dipped in 
water for 5 minutes, as compared with 90 minutes was not consistent with 
observations in other experiments. Potatoes dipped in GA produced plants 
which elongated and flowered more rapidly than those dipped in water. 
In another experiment the sprouting responses of tubers of the Russet 
Burbank and Kennebec varieties grown in a soil bench were compared 
after dipping them for 5 minutes in water or in a solution containing 500 


al 4 = 256 
igs 90 
500 
75 
| 
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Average sprout length (cms) 


Yl 


0 
White Rose Russet Burbank 


Variety and concentration of GA 


Ficure 3.—The effect of dipping White Rose and Russet Burbank potato 
containing 0, 25, and 500 ug/ml of gibberellic acid on the rate of sprout elongation at 
77° F. (Measured & weeks after treatment.) 


sin solutions 


TABLE 2 Sprouting pe rcoentage of Russet Burbank potator § grown 
soll in a 65°-70°F greenhouse after tmmersion for 5 or YO 
minutes in water, or a solution containing S500 pg/ml 
of gthberellic acid 


Days Period of Immersion 
after 5 Min 90 Min 
lreatment 0) 0 
Per cent Per cent Per cent 
45 


SS 
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py /ml of GA. Immersion in GA resulted in earlier sprouting of tubers of 
both varieties (Table 3). In addition, when samples of these same tubers 
were sprouted ina 50°F storage room the sprouts elongated more rapidly 
and visible root development was delayed four months: tubers dipped in 
water produced roots soon after sprouting began. Multiple sprouting 
(several sprouts at an eye) was characteristic of Kennebec tubers, whereas 
Russet Burbank potatoes usually produced single, vigorous sprouts at one 
or more eyes 

The possibility that GA may overcome “chemical dormancy” induced 
by maleic hydrazide (MH-40) was investigatd. Sixty White Rose and 
Russet Burbank potatoes, from plants which were sprayed in the field 
four weeks before harvest with a solution containing 6000 pg/ml of maleic 
hydrazide, were held at 50°F for three months without producing visible 
sprouts. These were dipped for 5 minutes in water, or in a solution con- 
taming 500 pg/ml of GA, and planted in a soil bench in a greenhouse 
controlled at 65°-70°R. Six weeks after GA treatment only three potatoes 
from plants which received maleic hydrazide sprays had sprouted. How- 
ever, all tubers from unsprayed control plants, irrespective of treatment 
with GA, sprouted vigorously. 


C. Morphological Considerations; Brian and coworkers (3) reported that 
potatoes dipped in GA produced sprouts which branched. Similar effects 
were noted m the present studies (Figure 1). However, the extent of 
branching observed differed with variety. Multiple sprouting was common 
in White Rose and Kennebec potatoes soaked for 5 minutes in a solution 
contaming S00 pg/ml of GA, whereas Russet Burbank potatoes usually 
produced single sprouts when treated similarly. Sprouts from the White 
Rose and Kennebec varieties were usually elongated and spindly, whereas 
those from Russet Burbank potatoes were more vigorous and blocky. 
Tubers treated with a solution containing 500 pg/ml of GA and planted 
in soil produced plants that were taller and had longer internodes. They 
flowered and produced tubers earlier than a comparable lot dipped in 
water, Similar characteristics have been observed previously with other 
plant species (2,3,4.7,8.9,10.11). An inward rolling of the young leaves 
along the central vein was comparable to that observed on tomato leaves 
alter treatment with gibberellic acid (11). 


Paneer 3.-/nfluence of water or solutions containing 500 pg/ml of 
gibberellic acid on the sprouting percentage of Kennebec and 
Russet Burbank potatoes Grown ma greenhouse soul 

hench at 65°-70° F. 
ug/ml | Days after Treatment 


Variety of GA 4B 49 55 63 74 


Per cent Per cent | Per cent Per cent | Per cent 


Kennebec 0 | 15 
70 80 85 


Russet Burbank 0 0) 
10 35 
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DiscuUSSION AND CONCLUSIONS 


Sprouting was hastened by 2 to 3 weeks when newly dug White 


Rose potatoes were immersed in solutions of GA at concentrations of 25 
to 2000 pg/ml. The suggestion by Brian (3) that gibberellic acid may 
break apical dominance in potatoes was supported by the appearance of 
sprouts at almost every eye. In the present study a reduction in multiple 
sprouting at the apical eye of White Rose potatoes resulted from dipping 
in solutions containing 2000 as compared with 50 or 500 pg/ml of GA. 
This effect may be similar to one observed in experiments with Karlypak 
tomato plants (10) which failed to produce axillary vegetative growth 
(tillers) when their vegetative apices were treated with high concentrations 
of GA 

Distinet differences between potato varieties in rate of sprouting and 
sprout elongation resulted from treatment of tubers with GA. White Rose 
was the most responsive, Russet Burbank the least, with Kennebec 
intermediate, Possible explanations may be found in the morphological 
characteristics of these varieties: (a) tubers of the White Rose and 
Kennebec varieties have slightly deeper eyes than those of Russet Burbank 
and thus retain the solutions longer; (b) “skinning” and “feathering” of 
newly dug, immature, White Rose and Kennebec potatoes are common 
and entry of the chemical may have been facilitated, whereas in Russet Bur 
bank potatoes a thick periderm, relatively impervious to water, forms early 
in tuber development. Information as to the mode of entry of GA into the 
tuber may help clarify this point. 

A preliminary study suggested that GA treatment was ineffective in 
breaking the “chemical dormancy” that results from spraying potato plants 
with solutions containing 6000 pg/ml of maleic hydrazide. However, 
foliar sprays of MH-40 at concentrations approximating 2500 pg/ml are 
more commonly recommended. Lower concentrations of MH-40 than used 
in these tests are, therefore, indicated in future experiments with GA 
treatment of potatoes, 

The inhibition of potato root development in storage resulting from 
treatment with GA ts consistent with that reported for wheat seedlings 
by Brian et al. (1). However, under soil conditions root development 
occurred in these experiments. This, coupled with greater stem clongation, 
earlier flowering, and_ the production of new. tubers, suggests that 
inhibition of rooting might not present a problem when a crop is planted 
in soil 

The results of these experiments indicate that GA is effective in 
breaking the dormancy of potatoes. However, they do not necessarily imply 
that GA, like ethylene chlorohydrin, would be effective as a seed treatment 
for commercial plantings. Current laboratory and field experiments are 
designed to evaluate GA as a possible replacement for ethylene chloro 
hydrin for breaking the rest period of white potatoes 


SUMMARY 


A curtailment of the rest period, resulting from treatment with 
gibberellic acid (GA), of newly dug White Rose, Kennebec, and Russet 
Burbank potatoes was indicated by a 2- to 3-week acceleration of 
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sprouting. Five- and 90-minute dip treatments were 
Concentrations of 50, 500, or 2000 pg/ml of GA | 
stimulation 


equally effective. 
wroduced comparable 
Differences among varieties in the percentage of sprouting 
aml in sprout elongation were observed following GA treatment. 
Preliminary results indicated that GA failed to 
dormancy” of tubers from plants which had | 
earlier with 6000 pg/ml of maleic hydrazide. 


overcome “chemical 
ween spraved three months 
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NEWS AND REVIEWS 
HOTEL AND MOTEL ACCOMMODATIONS CON\ ENIENT TO 
ANNUAL MEETING. PLANT INDUSTRY S1 ATION, 
BELTSVILLE, MARYIAND 
DECEMBER 2-3-4, 1957 
EXPLANATION OF SYMBOLS ON ACCOMPANYING Map 
7 ransportation 


1. Greyhound Bus Line, 1110 New York Avenue, N. W 
Bus direct to Plant Industry leaves 7:05 a.m., enters grounds and 
stops in front of Administration Building. Returns 4:35 p.m. from 


Station to Washington, D. C. 


Baltimore local busses along highway run approximately every half 
hour (starting on the hour) during the day 


Ticket: Eighty-five cents (.85) round trip Washington/Berwyn, 
Maryland. Ten trip commuters’ ticket: Washington /Berwyn—$2.40 


Hotels in downtown Washington, D. C.. conveniently located to the 
Greyhound Bus Terminal: 


Name of Hlotel Single with Bath Double with Bath 


Annapolis Hotel! S6.00--$ YOO $11.00 
1111 HSt.. $ 9.50--$12.00 


Hotel Harrington $5.50--$ 7.00 $ 8$.50-—$12.00 


lith& St.. $ 9.50 $12.00 (twin 


Raleigh Hotel $6.00, $10.00 $16.00 
12th & Pennsylvania $11.00--$16.00 (twin 


Ave... N.W. 


Hamilton Hotel $ 9.50 $ 8.50 


I4th & K Sts.. N.W $10.00 


\mbassador Hotel S OW) 
1412 K St... N.W $10.00 


Willard Hotel $12.00 = $12.00 
l4th & Pennsvivania $13.00 
\ve., 


Washington Hotel $7.50--$ 8.50 $12.00--$13.50 
15th & Washington and $10.00 and $16.00 


convenient hotel to bu 
rooms on front of building 
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$15.00 (twin beds) 
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Motels in the vicinity of Plant Industry Station, Beltsville, Maryland 
( Prices might be slightly lower in December ) 


Rate 
9. Lord Calvert Hotel $3.00 & $4.00, per person depending on 
and Cottages location; winter rates are somewhat 
7200 Baltimore Ave., cheaper. The foregoing rate is for twin- 
College Park, Md. bedded rooms with bath. 


Smale with Bath Double with Bath 
Royal Pine Motel $5.00--86.00 $3.50-—$4.50 each 
913 Baltimore Ave. 
College Park, Md. 


Hillcrest Motor Court VWotels $4.00 per person, 2 to a room, 2 
9122 Baltimore Blvd beds, shower, steam heat and T\ 
College Park, Md. 
Hotel—$3.00 per person, 2 to a room, 2 
beds, shower, steam heat and T\ \lso 
have family units 


Del Haven White $5.00. 86.00 $8.00 for 2 (twin beds) 
House Motel Suites of rooms with bath 3 to 4 people 
10260 Baltimore Ave. to a suite-—$3.00 to $4.00) per person 
College Park, Md Double beds a little che ape! Breakfast 
can be arranged for in advance to be 
served at any reque sted tin also can 

arrange for other meals 


Farm Motel Two (2 on 86.00 Fanuly units 
10450 Baltimore Blvd to sleep 6 meluding 3 double beds with 


reltsyville, Md double bath for $14.00, Other unit 


baths, 2 rooms, 2 double beds and 2 roll 
hed mn all te leep 6 costs SI6.00 


\leeting Headquartes 
\dnunistration Building, 


Plant Industry Station 


\Mlention you are attending th » Assocation Aleeting 
po ibly arrange for better 


WEED CONTROL. ( 


The Northeastern Weed Control Conference will be held January 
8. 9, and 10, 1958, at the Hotel New Yorker, New York, New York 
This is the Twelfth Annual Meeting of this Conference which has grown 
steadily since the original meeting. All those inter 1 weed control 
problems are cordially invited 
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POTATO RING INFORMATION 
(AS DETERMINED BY A RECENT SURVEY)! 


G. H. Starr? 


In July, 1956, questionnaire forms were prepared and sent to workers 
1 17 potatoe growing states in the United States and to workers in two 
provinces in Canada. The purpose of this information was to give the 
Writer a better conception of the efforts being put forth on all fronts for 
the control of bacterial ring rot of potatoes, and particularly those used by 
commercial growers. This information served as a basis for the article, 
“Control of Ring Rot” published in the Potato Handbook in the Disease 
Control Issue for 1957 Although it is impossible to get a true conception 
of all control activities through the use of a questionnaire, still certain facts 
or ideas were brought out which may be of interest to potato growers and 
those who are working with the potato industry. The results are given as 
briefly as possible in summary form. A list of the 19 persons providing 
Information accompanies this article. Their responses are indicated under 
the following categories as taken from the questionnaires, 
\. IMPORTANCE OF RING ROT 

I. Seven workers consider this disease their most important one: 13 
consider it as very Important; 4, moderately important: and 2, 
consider it of only slight: importance. 

2. Diseases listed as heing more important than ring rot in certain 
states were as follows - leafroll, late blight, mosaic. se ab, verticillium 
wilt. wilt, virus. blac kleg. western leak. early blight, and haywire, 

$ HAS RING ROT DECREASED DURING THE PAST 15 
YEARS OR SO? 

Ten workers —vyes and one, doubtful. 
“UPS” AND “DOWNS” IN RING ROT PREVALENCE 

OVER PERIOD OF yf. \RS? WHY? 

Reasons given for variations : 

a. Carelessness of growers and especially new growers through the 
lack of sanitary methods 

b. Variable conditions during last mspection for the detection of 
Ung rot, particularly early maturity and early frosts, 

( Seed sources ancl « sper tally seed lots shipped Into state—certain 
varieties are worse than others 

d. Seasonal spread of disease 

¢. Price situation when prices are good, more certified seed is 
used; when poor, own seed is planted 

CERTIFIED SEED REJECTED IN 1055 

a. Average acreage re jected in 17 states was 10.3 per cent for 1955, 
with a variation of none In two states, to a high of 25 per cent 
one 


b. Percentages of fic lds rejected in one state from 1946 to 1955 in 
order were : 30.8, 17.9. 16.6, 7.0, 8.3, 14.3, 13.2.7 1, 8.1, and 5.0 


Accepted for publication Tune 18, 1957 
“Director of Ext nsion, University of Wyoming, Laramic , and formerly Plant Pathol 
ogist at University of W yvoming 
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In another state the percentages of acres re jected from 1940 to 
1955 in order were: 0.7, 7.2, 3.4, 4.4, 15.5, 13.1, 23.6, 6.8, 29.1, 
8.7, 7.6, 9.3, 9.2, 3.7, 12.6, and &.1 

(Supplementary to Questionnaire ) According to a survey made 
for the years 1940-1951 by H. M. Darling*, the ineidence of ring 
rot in certified seed was as follows: 1940-1945, 5.4 per cent; 
1946-1951, 9.2 per cent; 1940-1951, 7.8 per cent; in 1946 it 
was 14.8 per cent; whereas in 1947 it was only one-half or 7.3 
per cent. The comment made in this article, “There does not 
appear to be any consecutive series of years in which the disease 
builds up in prevalence since the survey started in 1940. The 
shifts that have occurred appear to move more or less at random 
each year,” is quite pertinent. 


CELLAR SANITATION 

1. Fourteen workers stated that sanitation is generally practiced ; two 
that it is not 
Chemicals most commonly used for this purpose are copper sul 
phate, coal tars, formaldehyde, mereury, and chloride compounds. 


SACK SANTTATION (Answers indefinite ) 
1. Although new bags are required in all states for certified seed, they 


are required only in five states for commercial potatoes 
Used bags are most common, by far 


3. Some states require that used bags coming into the state be 


cisinte sted 
Most states recognize used bags as a definite factor in the spread 
of ring rot 


REATMENT OF SEED WITH CHEMI 

Seven workers say Sa common practice 

net 

a. Chenneal most commionh Semesan Bel 

b. Others mentioned: Spergon, Phygon, Captan, acid mereury, hot 
formaldehyde, Streptomyen \grinnvein, and Dithane 

It was pomted out by many at treatment was not particularly fos 
ring rot, but for general purpose 


WHOLE SEED VERSUS CUT SEED 

l. Little information given, but recognized by at there 
ret through the use of whole ced oO ire and met 
hat is cut 


of cut seed is much more com 


MOST POPULAR TYPE OF 

CHEMICALS USED, 

1. Hand cutting is most common in seven states 
Rotary or mechanical cutters are most common in fis 
disinfectant is used im cutting proce in) 
common in five; and very slightly used in three state 


4Darling, H. M., 1953, Ring Rot Survey, 1940-1951. Amer. Potato Jou 
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4. Where disinfectants are used, the following were given in order of 
popularity : formaldehyde, mercuric chloride, copper sulfate, alcohol, 
Semesan Bel and chlorine compounds. 

(. DISINFESTATION OF PLANTER AND OTHER EQUIP- 

MENT 

Treatment of equipment is reported as common in 14 states; but not 

in three states. Materials used in order of popularity are: copper 

sulphate, formaldehyde, chlorine compounds, lysol, coal tar, steam, 
mercury, Roceal, kreso dip, and heat (burner ). 


H. TYPES OF PLANTERS USED 

Picker-type planter is common in all states; the assisted feed is fairly 
common in three states. 

CERTIFIED HOW OFTEN USED? 
1. ‘Thirteen workers state that it is commonly used; four say inter 


Special comments 


2 
a. “All seed is not more than one to two years from certified.” 
hb. “Ninety-three per cent of growers use seed not more than one 
vear from certified.” 
‘ “Ninety eight per cent use seed not more than one vear from 
certified 


\RE DIFFERENT LOTS OF SEED PLANTED IN| SEPA 
RATE FIELDS: 


Nine four workers—-no 
kK IS BEST SEED PLANTED FIRST ? 


len 


workers —ves;: three workers—not always 


| IS USK OF NEIGHBORS MACHINERY COMMON 


worker ves: six workers-—no 


\! VRE MOST DISEASE-FREE LOTS HARVESTED BEFORE 
POORER LOTS? 
Seven workers——ves: two workers—-no; two workers——usually ; and 
three worket no distinetion made 


DO GROWERS COMMONLY STORE RING-ROT 


INFECTED 


Seventeen workers—ves: one worker-—seldom 
Stored over-winter- workers—yes; for short periods—-six workers 


ves 
© WHAT TYPE OF STORAGE FACILITIES ARE USED? 
Private 14 workers; both private and commercial—tour workers. 


PrP HAVE RESISTANT VARIETIES HELPED IN| CONTROL 


OF RING ROT 


1. Comments by certain workers: 


Most states haven't used resistant varieties because they are not 
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> 


adapted, not readily available, dangerous carriers of ring rot and 
because there are more important considerations im a variety 
than ring rot resistance. 

b. One state uses resistant variety (Teton) where previous ring 
rot infection existed, 


WHAT METHODS HAVE BEEN USED MOST EFFEC 
TIVELY IN CARRYING OUT RECOMMENDATIONS FOR 
RING ROT CONTROL? 

l. In order these are: general meeting and growers meeting ; 
personal visits by specialists and inspectors; letters; mass 
communications ; pamphlets, circulars, efc.; field) demonstrations 
and exhibits 


~ 


2. The above by: Extension pathologists; experiment Station 
pathologists ; seed INspectors | potato specialists ; county agents ; 
vocational teachers ; entomologists; and irrigation specialists 


WHAT IS THE ATTITUDE OF COMMERCIAL GROWERS 
IN SEEKING INFORMATION FOR RING ROT CONTRO 
1. Most workers report that growers are very receptive and coopera 
tive 
2. Special comments from a few workers: 
a. “Only fan the Vv are not as much afraid as they should be 
b. “Ring rot occurs on farms of non-cooperative growers,” 
c. “All growers try to produce ring-rot-free seed.” 
d. “Attitude parallel] to disease loss few have had losses, so few 
have been active 
e. “Seed growers have been more conscientious of danger, but 
many of them apathetic until field is rejected.” 
f. “(Garowers rather passive until disease reaches economie propor 
tions.” 


OTHER FACTORS OR PRACTICES THAT HAVE BEI 
IMPROVED THROUGH RING ROT CONTROL PROGK \M 


1. Special comments : 


a. “Sorting seed while potatoes are dormant.” 

b. “Farm sorting of seed not commercial.” 

c. “Carefully selected seed sources have he Iped “ 

d. “Puber-unit development of our own seed.” 

e. “More general use of certified seed.” 

prolubiting sale of other than certified seed. 


g. “Avoidance of community of commercial type storage seed farm.” 

h. “Seed examined carefully on receipt and rejected if ring rot 4 
found.” 

1. “Use of locally-grown seed.” 

i, “Securing new seed and thorough disinfection.” 

k. “Constant vigilance on part of plant breeders and potato ship 
pel 

| “Tsolation of growers 1s an factor 

m. “Discouraging the use of machinery exchange 
“Supplying itinerant harvesting crews with an 
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Prolibiting foreign equipment trom bemg brought into cellars 


vithout previous disinfection.” 
"Not permitting buvers to use own por ket knives for cutting seed 


toraye 


AL. COMMENTS \uthor ) 
apparent that ring rot prevalence has varied considerably from 
to vear without evidence of consecutive build-up over a period 
Certain reasons have been suggested by various workers 
variation; no doubt there are others than those listed 
various steps of potato production, as listed m the question 
1 with 


teria can occur on every turn: mtection can be reased 


aire ould serve to remind us that contamination of seee 


ina dot of seed ina year’s time. The use of whole seed Cone 
will help 
lis to be kept free from ring rot. all known control measures 
' ve to be followed. It will be useless to follow most of the 
practices known to be sound and then let down im even one practice 


permits infection or spread of infection as the case may be 

uggested that the article by Tf. M Darling, already referred 
to, and the recent article on “Disease Control” ino the Potato 
Handbook for 1957 be rewl again. Many other articles and types of 
information are available locally and should be followed closely 
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i Carls loli ¢ Associate Plant Pathologist. Rutgers Universitv, New Bruns 
ee vick, New Jer 
be * j Clarksen | Director Plant Protection and Promotion Branch, Frederictor 
5 rt Seed Certification University of Wisconsin. Madi 
Fernow. Hand R. S. Dick Extension Plant Pathologist Meow Werk Stat 
Coll 
> C. W. Seed Certification. Colorado State University, Fi, Calli 
10 | secd Certification and 1. W. Nielsor Department of Pian 
Pathology, North Carolina State College, Raleig] 
1] M Hi. ¢ Potato Certification, Michigan State University. East Lansing 
j ecretar Potato Grower \ssociation, Watertown, South Dakota 
Rineker, Clarence, Seed Certification Manager, | ersity of W ming, 
14 Scannell Ww Department of Agriculture, Plant Protection Division, Ottawa 
Ontario. Canada 
17 lolaas, A. G.. Seed Potato Univ tv of Minnesota. St. Paul 1 
18 Yager. I.conard A. 
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operation by a number of produce packer nd cham stores during the 
] ast Veal 
The EXACT WEIGHT ROLLAWEIGH tar 
\ elvhing and Of almost of ite anv t of 
bag. No adapters are needed, Capacity up to 15 Ibs. 
ever can be made in 30 seconds, by merely changing the ZB, 
— 
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facturer states this machine is carefully constructed to measure up to the 

highest standards maintained on all EXACT WEIGHT SCALES. The 

cale component conforms to the Federal Weights & Measures specifica 
tions and requirements for this class of weighing equipment 

Produce is loaded into the open hopper at the rear of the unit. It 

the hopper (by a rubber belt with staggered 

rubber flights for singulated accurate feeding) to a short travel conveyor 


is gently carried up from 


hich travels across the weight platter. Product feeding is automatically 
cut off as correct weight is reached. Produce flows out as. the operator 
lips the bag in position and depresses the delivery scoop. The evele repeats 
the scoop is released. For further information, write today for your 


of Form 3306. Mention the American Potato Journal 


BOOK REVIEW 
Tue or Vecerar.es, Technical Communication No. 24., 

Commonwealth Bureau of Horticulture and Plantation Crops, By 

Patricia Rowe Dutton. Commonwealth Agricultural Bureau, Fornham 

Royal, Bucks, England, pp. 169, Twenty schillings, (U.S.A. & Canada 

St) ) 

The author has reviewed over 350 popular and scientific articles from 
all over the world on the use of various types of mulches on many 
vegetable crops. She does not try to draw conclusions as to the merits of 
mulches but presents the often conflicting conclusions of the research 
workers in a manner that makes the work of value to the commercial and 
home garden vegetable grower as well as the research specialist. 

The introduction discusses the general nature and function of mulches 
and succeeding chapters are devoted to the effect of mulches on various 
vegetable crops including a very complete review of the work on white 
potatoe ‘ The effect of mulches on diseases and imsects ts also discussed. 

The book should be of value to those interested in research on the 
subject and to the vegetable gardener. Practical value for the commercial 
vegetable grower is limited because of the economic problems involved 


Joun C. CAMPBELL, Assoc Plant Pathologist 
Rutgers University 


IX INTERNATIONAL BOTANICAL CONGRESS 
The Ninth International Botanical Congress will be held in Montreal, 

Canada, from August 19 to 29, 1959, at MeGaill University .the 
University of Montreal. The program will include papers and symposia 
related to all branches of pure and applied botany. A first cireular giving 
information on program, excursions, accommodations, and other detail wall 
he available early in 1958. This cireular and subsequent circulars including 
application forms will be sent only to those who write to the Seeretary 
General asking to be placed on the Gongress mailing list: 

Dr. C. Frankton, Secretary-General 

IX International Botanical Congress 

Science Service Building 

Ottawa, Ontario, Canada. 
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FUNGICIDE REPORT 


“Results of 1956 Fungicide Tests” reprinted from a series of articles 
appearing in Agricultural Chemicals, February through August. mav be 
purchased in bound and covered form for $1.00 per copy by sending orders, 
with remittance, to Dr \. B. Groves, Department of Plant Pathology, 
Virginia Agricultural Experiment Station, R. Rk. 3. Winehester. Virginia 
The publication of these results is under the sponsorship of the American 
Phytopathological Society. It is a continuation of th publication of results 
formerly provided through a Supplement of the Plant Disease Reporter, 
Plant Disease Epidemics and Identification Section, United States Depart 
ment of Agriculture 

The Temporary Advisory Committee on Collecting and Diss niuinating 
Data on New Fungicide Tests of the \merican Phivtoy athological SOCIETY 
arranged for the recent publication of data and the continuation of a 
program for annual publications of Fungicide Test Results in the future 
Dr. A. B. Groves, Department of Plant Pathology, Virginia Agricultural 
experiment Station, Winchester, Virginia, will be in charge of this project 
during the current year. 


WANTED 


We are in need of certain volumes of the American Potato Journal 
If you are not using your old Journals why not sell them? We. will pay 
the prices noted below for the issues listed. Look through your Journals 
and send any of the desired copies to Jolin C. Campbell, Treasurer, Potato 
\ssociation of America, New Brunswick, N. J. Prompt payment will 
follow 
Volume land 2 50¢; others Complete volume $9.00 
Volun 6 fa others G 75é. omplete volume $9.00 
Volume. \ll Nos. fa 756; ¢ omplete volume $9.00 
Volume All Nos. 75¢@. Complete volume $9.00 
Volume 75¢. omplete volume $9.00 


Volum \ 1lOf@ 75eé: others G@ 45064. omplete volume $7.00 


Volume 7 \ll Nos. @ ( omplete volun SO OW) 


Volum 1,3, 8. 9 and @ others @ complete $8.00 
Volume No 75e¢°: ( omplete volume $4.00 

Volume vos. 1.4.8. 12 75é: omplete volume SS4.00 
Volume fa $1.00; Complete volume $3.00 
Volume oO. 2 fa $1.00; Complete volume $3.00 

Volume 13, No. 1 @ 50¢; Complete volume $3.00 

Volume 1 fj $1.00. ¢ omplete volume $3.00 

Volume 3 f $1.00. Complete volume $$3.00 
Volume 20, N 2 fa $1.00; ¢ omplete volume $3.00 

Volume 23, Nos. 1 and 3 @ $1.00: ¢ omplete volume $4.00 
Volume . No. 2 @ $1.00; Complete volume $4.00 
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University Microfilms 
913 North lst St 
Ann Arbor Vichige: 
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The Housewife may not 

realize it but that “better 
—> tasting” potato is one that 
, was sprayed with TRIANGLE 
an BRAND COPPER SULPHATE. Spraying with Triangle 
Brand Copper Sulphate in Bordeaux Mixture to control 
blight is a safe and economical way to insure a good 
crop. It gives a better yield of No. 1’s, with better stor- 
age expectancy, and helps the potato retain its NAT- 
URAL FLAVOR. This means increased consumer ac- 
ceptance and greater profit to the growei. Despite the 
claims made for organic fungicides, experienced and 
successful. growers still prefer time-tested COPPER 
SULPHATE for the contre! of early and late blight. Try 
it on your crop and see the difference. 


CONTROL POND SCUM AND 
ALGAE in farm waters with 
TRIANGLE BRAND COPPER 
SULPHATE. 


FENCE. POST treatment with 
TRIANGLE BRAND. COPPER | 

-SULPHATE. prevents -decay 
‘and termite. damage. 


PHELPS DODGE REFINING CORPORATION 


300 Park Ave., New York 22, N.Y. * 5310 W. 66th St., Chicago 38, Ill. 
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— Send today for information on these important uses of copper sulphate. 


